Genetic engineering of Robusta coffee resistant to fungal diseases might be done by introducing a chitinase-encoding gene into genome of this plant. This research was aimed to confirm transgenic plant of BP 308 clone Robusta coffee transformed by chi gene and to evaluate its ability for the somatic embryogenesis. Confirmation of transgenic was carried out by analysis the presence of NPTII gene as a selectable marker for Canamysin resistant using PCR technique. The somatic embryo initiation and reproduction were evaluated in 11 plant accessions. Three kinds of sucrose concentration, 20%, 30% and 40% were applied in initiation stage of somatic embryo germination. The suitability of 4 medium, namely M1 (without addition by liquid medium), M2 (addition by liquid medium contained 0.25 mg/l kinetin), M3 (addition by liquid medium contained 0.25 mg/l IAA) and M4 (addition by liquid medium contained 0.25 mg/l GA 3 ) was evaluated for somatic embryo maturation. The result showed that 8 out of 10 plant accessions tested were transgenic and they could be propagated through somatic embryogenesis. The ability of transgenic plant for somatic embryo initiation, reproduction and regeneration were similar with that of nontransgenic one. Germination of somatic embryo could be improved by using 40% sucrose. Maturation of somatic embryo could be improved by addition of fresh liquid medium on the ancient gelled medium that used for somatic embryos reproduction. The best result was obtained on addition of fresh medium contained 0.25 mg/l GA 3 in which 65% of the somatic embryos developed to pre-germinate somatic embryo. 
1) Senior Researcher (Ahli Peneliti
)
Summary
Genetic engineering of Robusta coffee resistant to fungal diseases might be done by introducing a chitinase-encoding gene into genome of this plant. This research was aimed to confirm transgenic plant of BP 308 clone Robusta coffee transformed by chi gene and to evaluate its ability for the somatic embryogenesis. Confirmation of transgenic was carried out by analysis the presence of NPTII gene as a selectable marker for Canamysin resistant using PCR technique. The somatic embryo initiation and reproduction were evaluated in 11 plant accessions. Three kinds of sucrose concentration, 20%, 30% and 40% were applied in initiation stage of somatic embryo germination. The suitability of 4 medium, namely M1 (without addition by liquid medium), M2 (addition by liquid medium contained 0.25 mg/l kinetin), M3 (addition by liquid medium contained 0.25 mg/l IAA) and M4 (addition by liquid medium contained 0.25 mg/l GA 3 ) was evaluated for somatic embryo maturation. The result showed that 8 out of 10 plant accessions tested were transgenic and they could be propagated through somatic embryogenesis. The ability of transgenic plant for somatic embryo initiation, reproduction and regeneration were similar with that of nontransgenic one. Germination of somatic embryo could be improved by using 40% sucrose. Maturation of somatic embryo could be improved by addition of fresh liquid medium on the ancient gelled medium that used for somatic embryos reproduction. The best result was obtained on addition of fresh medium contained 0.25 mg/l GA 3 in which 65% of the somatic embryos developed to pre-germinate somatic embryo.
INTRODUCTION
Coffee is a very important crop in Indonesia. One of the problems associated with the plantation of Robusta coffee is the susceptibility of this crop to fungal diseases caused by Fomes lamoensis and Rigidophorus lignosus. Unfortunately, conventional breeding of this crop for introducing new agronomical traits, such as disease resistant is considered difficult because of the long duration of cultivation before seeds are set. In the case where coffee does not have natural resistance for pest and disease, it would be very useful to have a system for the genetic transformation permitting the incorporation necessary to have an in vitro culture system, which permits a high frequency of regeneration (Da Silva & Yuffa, 2003) .
Based on this reason, one of the most important aspects strategic is by providing superior planting materials, which are having a good quality (physically and genetically) and propagated by appropriated technology.
Genetic engineering of coffee resistant to fungal diseases can be done by introducing chitinase-encoding gene into genome of this plant. Chitinases are one class of pathogenesis-related proteins, which have been implicated in plant defence against fungal infection by lysing the hyphal tips (Budiani et al., 2001) . This enzyme catalyses the hydrolysis of β-1,4-linkage of N-acetylglucosamine polymer of chitin, a major component of fungal cell walls. Introduction of this gene into cells of Robusta coffee fol-lowed by plantlet regeneration in the selection media would results in transgenic plant of Robusta coffee resistant to F. lamoensis and R. lignosus.
Insertion of chitinases-encoding gene into plant genome has been reported for rice (Lin et al., 1995) , cucumber (Raharjo et al., 1996) , tobacco (Terakawa et al., 1997) and Arabica coffee (Budiani et al., 2001) . Highlevel expression of chitinase in transgenic plant can enhance resistance to a variety of fungal pathogens (Broglie et al., 1991; Lin et al., 1995) . Unfortunately, by the number of transgenic plant produced is considered to be limited. On the other hand, level of somatic embryogenesis of transgenic plant is also lower compared to that of the nontransgenic one, probably caused by the use of antibiotic in the media and insertion of foreign genes. This phenomenon has been reported on Robusta coffee (Priyono et al., 2001) . Due to this problem, the large-scale field test of the transgenic plant takes long time. This paper reports a research work on somatic embryogenesis of transgenic Robusta coffee derived from transformed somatic embryos using chitinase-encoding genes.
MATERIALS AND METHODS

Plant Materials
The Robusta coffee (Coffea canephora Pierre) clone used in this research was BP 308 that resistant to nematode parasite. Two different explants were used for somatic embryogenesis evaluation, namely transgenic and non-transgenic plants (Table 1) . The transgenic plants were produced by direct somatic embryogenesis from pre-embryonic of somatic embryos after transformation using chitinase gene (chi). Transformation was mediated by Agrobacterium tumefaciens LBA4404 strain carrying pCAMBIA2301-chi (Priyono et al., 2001) , and the chi gene was obtained from rice. 
Preparation of Explant
Young leaves were washed in tap water, followed by 1 hour immersion in 1 g/ l benlate solution, and then transferred into solution containing 5% sodium hypochlorite for 30 minutes. After three rinses in sterile distilled water, the leaves were cut and pre-cultured on MS basal media for screening from contamination. After 5-7 days cultured on MS media without plant growth regulator, the leaf explants, which were free from contamination, were used for somatic embryogenesis induction.
Initiation and Reproduction of Somatic Embryo
This experiment was divided into two sub-experiments, i.e. somatic embryo initiation and embryo induction. Each of subexperiment was arranged by Completely Randomized Design (CRD) with 4 replications. The research consists of 11 treatments of plant accessions as descripted in Table  1 . Explants used for somatic embryo initiation is young leaves. In the other side, explants used for somatic embryo reproduction is somatic embryos derived from somatic embryo initiation stage. For inducing somatic embryogenesis, medium consists of basal media ¼ strength macro salts and ½ strength micro salts of MS medium, organic constituents of B5 medium and 30 g/l sucrose was used. This medium was supplemented with 0.5 mg/l IAA, 5 mg/l BAP and 30 μM AgNO 3 .
Germination of Somatic Embryo
The experiment in this stage was arranged by factorial design based on Completely Randomized Design (CRD), with 3 replications. The 1 st factor was sucrose concentration, which consists of 3 levels, i.e. 20%, 30% and 40%. The 2 nd factor was plant accession, which consists of 11 levels plant accessions as presented in Table 1 .
Maturation of Somatic Embryo
A Completely Randomized Design (CRD) with 3 replications arranged by fac-torial design was used in this experiment. The 1 st factor was medium which consist of 4 levels, i.e. M1 (gelled somatic embryo reproduction medium without addition of liquid medium on 8 weeks culture old), M2 (gelled somatic embryo reproduction medium with addition of fresh liquid medium contained 0.25 mg/l kinetin on 8 weeks culture old), M3 (gelled somatic embryo reproduction medium with addition of fresh liquid medium contained 0.25 mg/l IAA on 8 weeks culture old) and M4 (gelled somatic embryo reproduction medium with addition of fresh liquid medium contained 0.25 mg/ l GA 3 on 8 weeks culture old). The 2 nd factor was plant accession, which consists of 11 levels (Table 1) .
Culture Maintenance, Observed Traits and Data Analysis
All cultures were maintained at temperature of 25-28 O C and 16h photoperiod. The light intensity (cool white fluorescent lamps; 40 cm above vials), which supported maximum growth at the various stages of development, maintained at 2000 lux.
Trait observed at both somatic embryo induction and somatic embryo reproduction covered somatic embryogenesis frequency, number of somatic embryo, size of somatic embryo, and phase of somatic embryo. Trait observed at somatic embryo maturation covered, number of somatic embryo, size of somatic embryo and phase of somatic embryo. Trait observed at plantlet regeneration covered germinated embryos, rootedshoots, number of root per shoot, root length and shoot high. Somatic embryogenesis frequency was observed at 4-12 weeks after culture. The others traits were calculated at 12 weeks after culture. All data were analysed by using LSD Test.
RESULTS AND DISCUSSION
Transgenic Confirmation of The Transformed Robusta Coffee
The result of PCR analysis confirmed that 8 plants (lanes 1, 2, 3, 4, 7, 8, 9, 10 ) out of 10 plants tested were transgenic (Figure 1) . The NPTII gene was chosen in spite of chi gene for confirmation of transgenic, since amplifying DNA of the chi gene would be bias with that of endogenous chi. Further analysis needed would be expression analysis of the chitinase by means of Northern hybridization or reverse transcriptase -PCR (RT-PCR).
This result showed that 80% of plants derived from transformed explant was transgenic plant. The previous report (Priyono et al., 2001) showed that depending on explant types, 10-62% of explant cultured on Agrobacterium tumefaciens mediated transformation medium was transformed explant. It mean that the frequency of transgenic plant of Robusta coffee by using the procedure reported by Priyono et al. (2001) were 8-50%, depending on explant type and concentration of AgNO 3 . The lower of frequency of transgenic plant, namely 5% was reported by Leroy et al. (1997) on gene transformation by using of Agrobacterium sp. on somatic embryos of Robusta coffee. Wirawan et al. (1999) also reported that 10% of transformed explant on tips shoots culture of Citrus showed the clear transgenic plant after confirmed by the GUS expression.
Initiation, Reproduction and Germination of Somatic Embryos
Somatic embryogenesis cauld be obtained both from transgenic and nontransgenic plants (Figure 2 ). The abilities of somatic embryogenesis of both plants were presented in Figure 3 and Table 2 . Figure  3 showed that the precocity of somatic embryo formation in somatic embryo initiation stage of transgenic plant was not different with non-transgenic one. Furthermore, the frequency of somatic embryogenesis in same stage of transgenic plant was not significantly different with non-transgenic one. The same result also obtained from somatic embryo reproduction stage, however compared with initiation stages for all of the plants tested with in stage of somatic embryo reproduction showed that the precocity of somatic embryogenesis of reproduction stage was grew faster than on initiation one. Table 3 showed that both the number and size of somatic embryos derived from transgenic plant was not significantly different also with non-transgenic one. Its means that the performance of somatic embryos derived from transgenic plant was similar with non-transgenic one.
The development of somatic embryos derived from transgenic plant was not dif-600 bp M K-1 2 3 4 5 6 7 8 9 10 K+ fering to that of non-transgenic one. The phase of somatic embryos derived both from transgenic plant and non-transgenic one was dominated by cotyledon phase. As like the performance of somatic embryos, there was no significantly differences of somatic embryos development between all plants in stage of somatic embryo reproduction. This similar evidence also showed among transgenic plant both on initiation stage and reproduction one.
Germination of somatic embryos derived from transgenic plantlet after two months cultured in the media with different concentration of sucrose was presented in Table 4 . Concentrations of sucrose significantly affected the percentage of germinated embryos, fresh weight of plantlet, dry matter of plantlet, number of root per shoot, length of root and shoot high. In general, the higher sucrose concentration used in the regeneration media improved the somatic embryos germination. These result showed that sucrose was an effective carbon source and it indicated that sucrose at concentration of 40% effectively improved the development of somatic embryos. The similar result had reported by Etienne-Barry et al. (1999) that exposing somatic embryos to high concentration of sucrose in the germination medium 2 weeks before sowing resulted in strong positive effect on their conversion into plant and on the subsequent growth of the plants. The influence of sucrose also obtained in alfafa (Lai & Mc Kersie, 1995) which showed that an immersion in a solution of sucrose and mineral salts prior to germination that greatly enhanced the conversion into plants and the vigor of the somatic embryos. These results also agreed with Roberts et al. (1994) that Chrysanthemum plantlet grown on Sorbitol as a carbon sources had a well-developed rooting system and less glassy succulence. Takazama & Kozai (1992) also showed that the combination of culture vessels with a large number of air exchange per hour and Sorbitol, saturated with liquid medium, also promoted the growth of carnation plantlet in vitro. The different result reported by Nguyen et al. (1999) which showed that the greatest root growth and no hyperhydricity during the development of coffee plantlet was obtained when somatic embryos cultured on florialite soaked in sugar-free medium but cultured under condition of large number of air exchanges.
Similar with somatic embryos induction and reproduction stage, in the somatic embryo germination stage showed no significantl effect between non-transgenic plant with transgenic one and among transgenic ones. Somatic embryos derived from non-transgenic plant and somatic embryos derived from transgenic plant of germination similar both on percentage and performance (Table 4) . It means that the 8 of transgenic plant still have the same of basic character, especially to somatic embryogenesis abilities and were not different with non-transgenic one. The previous report (Priyono et al., 2000) showed that the abilities of somatic embryogenesis abilities of 6 clones of Robusta coffee tested were significantly different. These result agreed with Priyono (2004) which showed these evidences also obtained from several species of coffee cultured in vitro.
There were efficient regeneration systems for coffee through somatic embryogenesis from several tissues (Zamarripa, 1991 , Hatanaka et al. (1991 , and Priyono et al. (2000) . Furthermore, some reports about production of transgenic plant in cof- 
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IT RT GT fee were reported. Spiral et al. (1993) and Siswanto et al. (2003) transformed C. canephora with Agrobacterium tumefaciens. Barton et al. (1991) transformed C. arabica with Agrobacterium tumefaciens. Leroy et al. (2000) obtained coffee plant of C. arabica and C. canephora resistant to leaf miner also using the vector Agrobacterium tumefaciens. Van Boxtel et al. (1995) transformed different coffee genotypes by bombardment and then Da Silva & Yuffa (2003) obtained the transgenic plant of C. arabica by electroporation. However, the report of somatic embryogenesis in transgenic plant of these crops was not yet reported. These present studies showed that the abilities of somatic embryogenesis of transgenic plant was similar with nontransgenic one.
An interesting point in the present result was that there was a significantly differences on somatic embryogenesis abilities between transgenic plant with non-transgenic plant, the same evidences was also showed among transgenic one. Silva & Yuffa (2003) said that to establish a genetic transformation system it was necessary to have was in vitro culture system, which permits a high frequency of regeneration. Furthermore it T1   T2   T3   T4   T5   T6   T7   T8   T9   T10   B was necessary to have a system of genic transference that was simple, cheap, reproducible and independent of the genotype.
Maturation of somatic embryo
The maturation of somatic embryos was significantly affected by kinds of fresh liquid culture medium added on ancient gelled medium contained somatic embryos of reproduction stage. However it was not significantly affected by plant accession on all observed parameters (Table 5 ). In these studies, the number and size of somatic embryos of transgenic plant were still similar both with non-transgenic and among transgenic one. Furthermore, the increased size of somatic embryos was the greatest when 8 weeks old culture of somatic embryos reproduction stage added by fresh liquid medium enriched by 0.25 mg/l GA 3 as compared with addition of fresh liquid medium enriched by 0.15 mg/l IAA and by 0.25 mg/l Kinetin as well as the long cultured on the ancient medium. The different result was showed that the increased number of somatic embryos was greatest when 8 weeks old culture of somatic embryos reproduction stage added by fresh liquid medium enriched by 0.15 mg/l IAA. Somatic embryos maintained on the medium enriched with 0.25 mg/l kinetin tend to sprouted. These result showed that GA 3 convenient for cell elongation, IAA for cell proliferation, and kinetin for cell differentiation on in vitro culture both of transgenic plant and nontransgenic one of Robusta coffee. In contrary, the survival number of somatic embryos was declined when 8 weeks old culture of somatic embryos reproduction was maintained for long term on the ancient medium. These results was similar with Han et al. (2000) , which showed that the loss of regeneration capacity occurred in Asiatic hybrid lily after 60 weeks culture.
The percentage of pre-germinated of all plant accession was not significantly different (Table 5) . It means that somatic embryos development of transgenic plant was similar with both non-transgenic and among transgenic one. These results showed that somatic embryos maturation was independent to plant accession, whereas there was no difference between somatic embryos derived from both all transgenic plant accession and all non-transgenic plant accession. embryos development could be improved by addition of fresh liquid medium on the ancient medium of somatic embryos reproduction stage. The percentage of pre-embryoid somatic embryos phase was reduced by addition of fresh liquid medium enriched both by 0.15 mg/l IAA and 0.25 mg/l GA 3 . In the other hand the percentage of pre-germinated somatic embryos was increased by addition of fresh liquid medium enriched both by 0.15 mg/l IAA and 0.25 mg/l GA 3 . Addition of fresh liquid medium enriched by 0.25 mg/ GA 3 give both the lowest percentage of pre-embryoid somatic embryos phase and the highest percentage of pre-germinated somatic embryos phase. Furthermore long culture of somatic embryos reproduction on the ancient medium was not able to support the growth of somatic embryos. The similar result was reported by Priyono (2005) on in vitro culture vanilla, whereas the development of protocorm-like body to shoot sprout was stimulated by addition 0.25-1.0 mg/l both GA 3 and IAA. 
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Kinetin could not stimulate its development, which the best result of protocorm-like body development rate, namely 90% was obtained from medium contained 0.25 mg/l GA 3 .
One of serious problems facing micropropagation industry was many losses occur mostly due to heterogeneity and relatively poor development of the somatic embryos during reproduction stages. In the last decade, several reports indicate that under the proper control of culture could improve the somatic embryo performance. Kozai et al. (1986) proved that the gaseous environment in the culture vessel could greatly affect the growth of an in vitro plantlet. Furthermore, Infante et al. (1989) showed that in vitro plantlet grew well on the sugar-free medium; especially under high photosynthetic photon flux and CO 2 enriched condition. Nguyen et al. (1999) reported that the growth of somatic embryos of in vitro coffee when cultured on Florialite soaked in sugar-free medium and under the higher number of air exchanges were better than those in sugar containing medium. The improvement of somatic embryos growth could be done by temporary liquid immersion (Tahardi et al., 2000) . EtienneBerry et al. (1999) have succeeded for mass production of somatic embryos of Arabica coffee in good homogeneity and well development when using the bioreactor.
